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Objective To identify the correlations between the location of multifidus atrophy and the level of lumbar 
radiculopathy. 

Methods Thirty-seven patients who had unilateral L4 or L5 radiculopathy were divided into 2 groups; the L4 
radiculopathy (L4 RAD) group and the L5 radiculopathy (L5 RAD) group. Bilateral lumbar multifidus muscles at 
the mid-spinous process level of L4 vertebra (L4 MSP), the mid-spinous process level of L5 vertebra (L5 MSP), and 
the mid-sacral crest level of SI vertebra (SI MSC) were detected in Tl axial magnetic resonance imaging. The total 
muscle cross-sectional area of multifidus muscles (TMCSA) and the pure muscle cross-sectional area of multifidus 
muscles (PMCSA) were measured by a computerized analysis program, and the ratio of PMCSA to TMCSA (PMCSA/ 
TMCSA) was calculated. 

Results There were no significant differences in TMCSA between the involved and the uninvolved sides in both 
groups. PMCSA was only significantly smaller at the SI MSC on the involved side as compared with the uninvolved 
side in the L5 RAD group. The ratio of PMCSA to TMCSA was the lowest at the L5 MSP on the involved side in the 
L4 RAD group and at the SI MSC on the involved side in the L5 RAD group. 

Conclusion Our findings suggest that the most severe atrophy of multifidus muscle may occur at the mid-spinous 
process or mid-sacral crest level of the vertebra which is one level below the segmental number of the involved 
nerve root in patients with a single-level, unilateral lumbar radiculopathy. 
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INTRODUCTION 

Paraspinal muscles play a role in maintaining the nor- 
mal functions of the lumbar spine [1]. It is believed that 
low back pain [2-4], lumbosacral radiculopathy [5-8], and 
iatrogenic injury of medial branch of dorsal ramus after 
spinal surgery [9,10] leads to atrophy and fatty infiltra- 
tions of paraspinal muscles. The paraspinal muscles can 
be analyzed based on histologic (size of muscle fibers) 
[6,11,12], morphologic (cross-sectional area [CSA] of 
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muscle or fat distribution in the muscle) [2-5,7,8], and 
functional (physical strength) aspects [13,14]. In addition, 
atrophic changes and fatty infiltrations of the paraspinal 
muscles can be evaluated on computed tomography (CT) 
[5,10], magnetic resonance imaging (MRI) [2,4,7,8] and 
ultrasound imaging [3, 12] . 

Since multifidus muscle is unisegmentally innervated 
[15,16], it serves as a clue for the electrodiagnosis of ra- 
diculopathy [17-19]. Campbell et al. [5] reported that 
focal atrophy and fatty replacement of right multifidus 
muscle was demonstrated on CT scans and MRI of the L5 
level in a patient with the clinical and electrodiagnostic 
impression of the right L5 radiculopathy. Yoshihara et al. 
[6] reported that there were significant decreases in the 
size of type 1 and type 2 fibers in the L5 band of multifi- 
dus muscle on the affected side in patients with L5 nerve 
root compression by a disc herniation that had been 
identified during surgery. Hodges et al. [12] reported that 
CSA of multifidus muscle was reduced at the involved 
level after the experimental nerve root injury. Hyun et 
al. [7] reported asymmetric multifidus muscle atrophy 
occurred in patients with unilateral lumbosacral radicu- 
lopathy. 

To date, however, no studies have described the differ- 
ence in the location of multifidus atrophy according to 
the level of lumbar radiculopathy. Given the above back- 
ground, we conducted this study to identify the correla- 
tions between the location of multifidus atrophy and the 
level of lumbar radiculopathy. 



MATERIALS AND METHODS 

Subjects 

Of patients with a single-level, unilateral lumbar radic- 
ulopathy, those with L4 or L5 radiculopathy confirmed 
by electrodiagnosis between January 2007 and November 
2011 were enrolled in the current retrospective study. 
This work was approved by the Institutional Review 
Board of Konkuk University Medical Center in 2012. The 
patients received a lumbosacral spine MRI before or after 
four weeks from the diagnosis of radiculopathy. Exclu- 
sion criteria were bilateral symptoms or signs of lower 
extremities, spinal fracture, spinal cord injury, spinal 
infection, spinal tumor, previous lumbosacral surgery, 
comorbidities that are influencing physical activities 
(e.g., cerebrovascular accident, severe heart disease, and 
severe musculoskeletal disease), and peripheral mono- 
neuropathies or polyneuropathy affecting the results of 



Table 1. Characteristics of subjects 



Characteristic 


L4 RAD L5 RAD 
group (n=10) group (n=27) 


Age (yr) 


49.80±14.94 36.67±9.98 


Gender (male:female) 


6:4 17:10 


Symptom duration (mo) 


9.2±12.36 7.61±9.43 


Involved side (right deft) 


5:5 12:15 



Values are presented as meantstandard deviation. 
RAD, radiculopathy. 



Met inclusion criteria (n=105) 



Enrollment (n=37) 



Excluded patients 
Met exclusion criteria (n=60) 
19 Bilateral symptoms 
2 Spinal fracture 

1 Spinal cord injury 

2 Spinal infection 

1 Spinal tumor 

14 Previous lumbosacral surgery 

3 Cerebrovascular accident 

2 Severe heart disease 

9 Severe musculoskeletal disease 
7 Peripheral mononeuropathies or polyneuropathy 
Did not have axial images of S1 MSC (n=8) 



L4 RAD group (n=10) 



L5 RAD group (n=27) 



Fig. 1. A flowchart of subjects. SI 
MSC, mid-sacral crest level of SI 
vertebra; RAD, radiculopathy. 
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electrophysiologic studies (Fig. 1). The electrodiagnostic 
criteria for lumbar radiculopathy was the detection of 
abnormal spontaneous activities at rest in the paraspinal 
muscles and/or involved lower limb muscles innervated 
by the same myotome but by different nerves, and nor- 
mal findings in the lower limb muscles innervated by 
myotomes above and below the suspected lesion level. 
We therefore selected 37 patients who had a unilateral L4 
or L5 radiculopathy for the current study. Then, we divid- 
ed them into two groups: the L4 radiculopathy (L4 RAD, 
n=10) group and the L5 radiculopathy (L5 RAD, n=27) 
group (Table 1). 

Methods 

All subjects were retrospectively evaluated for elec- 
tronic medical records on low back pain, affected side 
with radicular pain, duration of symptoms and results 
of electrodiagnosis. The Tl -weighted fast spin-echo se- 
quences of MRI were used for the evaluation of multifi- 
dus muscles. Axial planes were used to detect the CSA 
on the right and left multifidus muscles, for which the 
levels of analysis were the mid-spinous process level of 
L4 vertebra (L4 MSP), the mid-spinous process level of 
L5 vertebra (L5 MSP), and the mid-sacral crest level of SI 



vertebra (SI MSC) (Fig. 2). 

We performed a quantitative analysis on the CSA of 
multifidus muscle by using the Rapidia analysis program 
(Infinitt, Seoul, Korea). The total muscle CSA of multifi- 
dus muscles (TMCSA) was measured by drawing manu- 
ally the free regions of interest (ROI) over the boundary of 
the right and left multifidus muscles using a pen mouse, 
and the pure muscle CSA of multifidus muscles (PMCSA) 
was measured in such a manner that the fat component 
was eliminated within the ROI from the muscle by the 
threshold technique based on visual differences in pixel 
signal intensities (Fig. 2) [7,8]. The ratio of PMCSA to 
TMCSA (PMCSA/TMCSA) was calculated to estimate the 
severity of atrophy, thus suggesting that the smaller ra- 
tio was more severe with fatty infiltration and atrophy of 
multifidus muscle. 

All CSAs were measured independently two times by 
two residents in the department of rehabilitation medi- 
cine, who were blinded to the clinical and electrophysi- 
ologic findings of patients. 

Statistical analysis 

Statistical analysis was performed using SPSS ver. 17.0 
(SPSS Inc., Chicago, IL, USA). Shapiro-Wilk test was done 
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Fig. 2. Cross-sectional area (CSA) 
of multifidus muscles in a patient 
with right L5 radiculopathy. (A) 
shows axial planes at the mid-spi- 
nous process level of L4 vertebra 
(L4 MSP), the mid-spinous pro- 
cess level of L5 vertebra (L5 MSP), 
and the mid-sacral crest level of SI 
vertebra (SI MSC). (B) indicates 
total muscle CSA of multifidus 
muscles (TMCSA) at the SI MSC. 
(C) indicates pure muscle CSA of 
multifidus muscles (PMCSA) at 
the SI MSC. 
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to analyze the normal distribution of TMCSA, PMCSA, 
and PMCSA/TMCSA. Paired t-test was used to compare 
the parameters between the involved and uninvolved 
sides. Differences were considered significant when the 
p-value was less than 0.05. 

RESULTS 

Overall, there were no significant differences in TMCSA 
between the involved and the uninvolved sides in both 
groups. In addition, there were no significant differences 
in PMCSA between the involved and the uninvolved sides 
in the L4 RAD group. PMCSA was significantly smaller 
only at the SI MSC on the involved side as compared with 
the uninvolved side in the L5 RAD group (p=0.004) (Table 
2). 

PMCSA/TMCSA at the L4 MSP (p=0.028) and L5 MSP 
(p=0.001) was significantly lower on the involved side as 
compared with the uninvolved side in the L4 RAD group 
and at the L5 MSP (p=0.023) and SI MSC (p<0.001) in the 
L5 RAD group. Finally, PMCSA/TMCSA was the lowest at 
the L5 MSP on the involved side in the L4 RAD group and 
at the SI MSC on the involved side in the L5 RAD group 
(Table 2). 

DISCUSSION 

In the lumbar area, the multifidus muscle is formed by 
five separate bands, each of which arises from its particu- 
lar lumbar spinous process of the LI to L5 vertebrae [20]. 
Each band consists of several fascicles; from five at the 
LI spinous process to one at the L5 spinous process [20]. 
They radiate caudally to insert into the mamillary pro- 
cesses of vertebrae two to five levels below, and the dor- 
sal surface of iliac crest and sacrum (Fig. 3) [16,20]. The 
multifidus muscle is innervated by a single nerve root 
[15,16]. That is, each band of multifidus muscle receives 
its innervation from one dorsal ramus only [20]. There- 
fore, the multifidus inserting the same spinous process 
received innervation from the same medial branch of 
dorsal ramus, with a same segmental number of the spi- 
nous process, even if the origins of multifidus were dif- 
ferent [21]. And then, each of the L1-L5 medial branches 
sent innervating nerves to multifidus via its dorsal sur- 
face at each midlamina, or mid-spinous process level of 
the vertebra with one level below the segmental number 
of dorsal ramus [6,15,20-22]. For instance, the fascicles of 
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Fig. 3. A schematic illustration of the multifidus fascicles 
arising from the spinous process of LI vertebra and in- 
nervated by LI nerve root (LI fascicles). 

multifidus arise from the spinous process of L4 vertebra 
are innervated by L4 medial branch around the dorsal 
surface of L5 midlamina level, and the fascicles of mul- 
tifidus arise from the spinous process of L5 vertebra are 
innervated by L5 medial branch around the dorsal sur- 
face of SI midlamina level. The fascicles originating from 
the higher spinous processes come to lie more superfi- 
cially and laterally, therefore, in the most medial part of 
the groove between the lamina and spinous process, it 
is found that the fascicles arise from the spinous process 
one level above (Fig. 4) [20]. For example, the fascicles 
innervated by L4 nerve root (L4 fascicles) lie most medi- 
ally and deeply, while fascicles innervated higher nerve 
roots (L1-L3 fascicles) lie laterally and superficially at the 
dorsal surface of lamina and spinous process of the L5 
vertebra (Fig. 4). Therefore, L4 fascicles appose the spi- 
nous process of the L5 vertebra, and L5 fascicles appose 
the median sacral crest of the SI vertebra. 

Previous studies have reported the multifidus atrophy 
in patients with radiculopathy; Bae et al. [4] reported that 
the disc herniation and nerve root compression had no 
correlations with multifidus atrophy. In addition, Hyun 
et al. [7] reported that there was a significant asymmetric 
atrophy of the ipsilateral multifidus muscles only at L4-L5 
and L5-S1 intervertebral disc levels in patients with uni- 
lateral lumbosacral radiculopathy. Moreover, Chae et al. 
[8] reported that cervical multifidus muscle atrophy was 
predominantly found below the level of radiculopathy in 




Fig. 4. A schematic illustration of the multifidus fascicles 
at the mid-spinous process level of L5 vertebra (L5 MSP). 
The fascicles innervated by L4 nerve root (L4 fascicles) 
appose the spinous process of L5 vertebra. 



patients with unilateral cervical radiculopathy. However, 
these authors did not define the levels of radiculopathy 
but included polyradiculopathy. In addition, they se- 
lected the axial planes in the intervertebral disc space to 
analyze the CSA of multifidus muscles with no respect 
to the anatomy of innervation. Therefore, they failed to 
identify the correlations between the location of multifi- 
dus atrophy and the level of radiculopathy. In the current 
study, we used axial planes of mid-spinous process level 
or mid-sacral crest level in measuring the CSA of multifi- 
dus muscles considering the anatomical innervation site 
in it. 

Our results showed that there were no significant differ- 
ences in the TMCSA between the involved and the unin- 
volved sides in both groups. However, most of TMCSAs 
were greater on the involved side as compared with the 
uninvolved side. Such results indicate that the pseudo- 
hypertrophy of muscle may also occur [23], although the 
atrophy and fatty replacement is the typical finding of 
denervation. It is therefore difficult to determine whether 
the multifidus atrophy occurred solely based on TMCSA 
with having no relations to the fat infiltration. 

In both groups, PMCSA was smaller on the involved 
side as compared with the uninvolved side, but this 
reached a statistical significance only at the SI MSC in 
the L5 RAD group. It may be due to a discrepancy in the 
PMCSA between the both sides. If patients have a greater 
PMCSA on the involved side as compared with the unin- 
volved side prior to the onset of the lumbar radiculopa- 
thy, they would show no significant differences in the 
PMCSA between both sides or have a greater PMCSA on 
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the involved side as compared with the uninvolved side 
although they have a multifidus atrophy on the involved 
side after the onset of the lumbar radiculopathy. We 
therefore calculated PMCSA/TMCSA to estimate the se- 
verity of atrophy, because it is difficult to decide whether 
the multifidus atrophy occurred solely based on PMCSA. 

In this study, PMCSA/TMCSA was the lowest at the L5 
MSP on the involved side in the L4 RAD group and at the 
SI MSC on the involved side in the L5 RAD group. These 
results showed that the most severe atrophy of multifidus 
muscle was seen at the mid-spinous process level or mid- 
sacral crest level of the vertebra which is one level below 
the segmental number of the involved nerve root in pa- 
tients with L4 or L5 radiculopathy. 

The limitation of this study is that the number of pa- 
tients was small especially in the L4 RAD group. In the 
current study, we excluded eight patients whose axial 
images of SI MSC were not available (Fig. 1). This implies 
that the axial images of SI MSC are needed to evaluate 
the multifidus muscle that is innervated by L5 nerve root. 
We did not evaluate patients with SI radiculopathy, be- 
cause Bogduk [24] and Macintosh et al. [16] have report- 
ed that the multifidus muscle is not innervated by the SI 
nerve root. Since we enrolled the patients with unilateral 
L4 or L5 radiculopathy, we could not investigate the 
patterns of multifidus atrophy in patients with bilateral 
symptoms, other levels of single radiculopathy, or poly- 
radiculopathy. Further studies are therefore warranted to 
delineate the mechanisms by which the multifidus atro- 
phy occurs in these patients. 

In conclusion, our findings suggest that the most se- 
vere atrophy of multifidus muscle may occur at the mid- 
spinous process level or mid-sacral crest level of the 
vertebra which is one level below the segmental number 
of the involved nerve root in patients with a single-level, 
unilateral lumbar radiculopathy. Based on our study 
results, we propose that clinicians evaluate the severity 
of multifidus atrophy and identify its location, as well as 
the disc herniation and nerve root compression on MRI, 
which may be of help for not only making a diagnosis the 
denervation atrophy of lumbar radiculopathy but also for 
determining its level. 
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